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(54) DC-DC CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform zero current 
switching certainly by controlling the off timing of a 
semiconductor switching element. 
SOLUTION: The inductance Lr of a reactor L1 for 
resonance of a converter circuit part 1 and the 
capacitance Cr of a capacitor C1 for resonance are 
already known, and when each value Lr and Cr is settled, 
the cycle Tn of a resonance current and the property 
impedance Zn are settled, so each value Tn and Zn is 
stored in advance in the memory of a control circuit 3. 
The control circuit 3 computes a time To, according to 
the following equation, using each value Tn and Zn in the 
memory and the input voltage Vi and the output current 
Io being detected, and switches a transistor q1 from ON 
to OFF at the point of time when the time To has 
passed from the ON time of the transistor Q1. 
To=Tn/2+Tn.Io.Zn/(2.Vi). 
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To=Tn/2+TnIoZn/(2Vi) 
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^&tzffiz.. ±tmmmm^mt. ±zz**v^<f^fSL\z&mmfatfffiftxi^^tz\z%m 

[|ff*JS2] m>£mMiWL<DDC-DCZ}^/<—$®mztel,sX, ^I£[e]i&(iA2)WI±£l$I±LTtiJ;*J 

?%mKm^>'<-$\E\&x3bv. ±i5^ai^ig[is ±tm%m^tLxAt}mi±t$&xstht>n%L 
ztiHti-tzmv. ±immmm^®\*. ^m^tz±tExtimE.^xs±uihtim^z&^± 

i£Stb£ft^p B w$iiBr3<!:±fB^ 

ftWit-t &DC - DCZI>/ 5 HJSSo 

[»^ii3] if *m2im<DDc-Dcziis,<-5i\2\mz&^x. ±t&mmwm^mz. ±m&mm i ) 

To =Tn ■ ( 1+Zn • Io/Vi)/2Zn = V~(LrVCr)ZZ.T:\ To : Mitt. rfftitlXl, 0#FelTn : #M 'J 
T^hJUlCjTm&^mSiEOJ^Zn:^ 

[|f#Jl4] ff*]SllBiS(DDC-DCz]>/\*-< ^HljESlCfcL^, ±I3^ai^lSli. ±IBW^fi^L 

r±fB*Sffl'JT^h;uiz3iEti>S^ii«3SE^fcli-r-i)*(DT:% ±fBiEUiflJiai)#£S:ii. &tb£;h,7r± 

[Hf *H5] If ^Il4fB«<DDC-DC=l>/\*-^lH]^lCfclNT, ±IBiEK)*JiP¥-IS(i, ±IB*m« 

y n*.<54,a) -cfe & z. tzftmt? & dc - dc=i >/ in s§ 0 

[if #Jg6] If *JH5fBi£(E>DC-DCzi>/<— $Z(Hl£SlCfcl>T. ±fBRjf£{lli, ^«>KJ££*lf::-£ 
CDfit-e^-S d <5> DC - DCa >/ <— $ HI E& 0 

[if^3»7] tmmtm<DDc-Dc=i>/<-$\B\mzte^x. ±tmizm\*. ±ibx-<^>^ 

/\*-*ls]S&o 

[!f#3S8j If #JS5fB«<DDC-DC:3>/<-$lHlS&l::;fc^-C. ±IHBr3tfil±, ±IB^Jim3S!^t 0 - 

^fili^^Tis^^H^taj-efe^z^^^-r-SDc-Dca^^— ^ius&o 

[|ff*JS9] If ^3S4fBtE<DDC-DC=i>/\*— ^lalSSlzfclNT. ±IB^ttJ^|gl*. ±SBm§Ul-S§-<»:L 

^\z^ttmAnM±m^mmz2^^iz^ti^mm^^kih-r^ : b<Dx. ±&vmm 

a>«fflB*M£*'»hU ±IB#»m3SE^m^fSmTl^ofcB#^7!)N«oJ:fB^3g^P B 1^lc±t3X-r 
^>^¥S^>^b^lz^y^^^t(D^fc'5Z^#m<br'5DC-DC=i>/\*— $[e]S&o 
[If #JS10] lff*ll4fBi£<DDC-DCzi>/\*— StlHlE&lcfclvC. JziB^tB^f&l*. -tfB«m«^-<!: 

b±fB£mB/W±lBai;fcm;ftm±lw^5#^ 
LT±fBaJ*)*3!EmTI~&ofrB#;57!)N£±ffi^ 

y g^.*t©T?fc-6z^4#«tr -5 DC - DC=3>/ \*— -$i [HlS&o 
[|ff3fcJSl1] lff3fc^1fBI£(7)DC-DCi3>/*— ^Eiglcfcl^T. ^lS(H]lE&{±A*ttJ±^^I±LTtli 

jiTzm&M^'*—'. s»iHis&T*fcy. ±tB^aj¥^i*. ±iBmmfi^<i:Lriu^«j±fcj:i;A*m 
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[If ^311 2] If #111 1 lBtfc<Z)DC-DC=l>/\*— $\E\&IZ&^X. ±IBE»l«IJffll¥SI*. ±IE*H 

t(D 'Cfe^C^^^-r-S. DC - DC3>/ ^— ^0 
To=Tn-(1+ZnMin/Vo)/2Zn = V^Lr/Cr)ZZT\To:&iI^ 



[SSBJ<Dt¥$fflkI&Bj§] 
[0001] 

[0002] 

-lV^E-Kn>A— ^A^b*it^-5o Z©X-r«y«— Ka>/<— *-r-;/^>? > Jiifc«j&<S< 
[ooo3]M3if*-tratt35E^^>^^ODC-DC=]>/^— ^[UlE&a)S!i^^t5fcBj-r^-r=>y 

y#m*^i<o<A<t#i::¥^*;w^>^ 

^T>^*^<7)^->B#r B HisT100>T1 lOCD-^fllCfS^tvCl^o^LT. iU^I«l±l*.X-f^ 

*->?JB»», -r^* ( >^>^J^^T200^^^b^-t±^Zi:[zJ:y$^JffilLTL^^o 

[0004] 

[*M^»*L«fc3^^BH]C<D«fc3«:^S*fiJfflLfcDC-DC3>/<— 5«lHiKicfcC+**lRJljft 
T110A^kLTL*9o 

[ooo5]^^-c\ ±ti'ft*&ffi<D&?\z*mw*jv?><fm*<D*is&fmT'\ ootf-^mom-siz 
i±,^*3Si=oi::fc&*^5>^7^ 

[o°oo6]*#iBjii N ±umm&ffi&Ttz>&<j)x\ ^mfc^v^vm+coi-y^^vzftm? 
%^tx\ mmiz^am^^^></^^^^\zLtzDc-Dcu>j<-^m^^mr^>zt 

[0007] 

><f^mzm\uzm^^tz^mm i )T<7hj^^xs^(D^mmv7<7hj^t^mr^mm^^ 
xeoDc-Dcia^/'C-^iHigsicfcLNr. mmmm<Dm%m^^m^^ih^t. ±umw}^& 
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[0009]£*:. A**EE$RaLTffi*-r*»E»3>/^-' S»@»T?fcy . ±Ettlii¥SI*. ±IBffi 

£ffiJ±fc£tf±lBai;*m;1SEI^^±IBX^T>^|^ 
±IB;W^>^¥f£(D:n/B$j5fr'o^Wffi£ftfcB$^^ 

[ooi oicittfij&izcfcfttf. ^{±i$^A^«Efcj:t;ai^m3Sicso*^X'r^>y^isic^ii 

^X^/^^Kj&t*^** 7lc^ytt*&;h«6 0 Ctilc«J;ot, A^«S*^liHi^m/7SE<7)^ 
<blCj:yx^^>y^l£IC:&^m3SEa^^ 

[001 1 ±EffiM«iffl)^igii. ±fB^Jiffl i JT<7h;uo)'r>^^>x. ±tz#mm=i>T> 

To=Tn^1+Zn-Io/Vi)/2Zn = V"(Lr/Cr)CZTf.To:Sai^^^Tn:^Jiffl , JT^h;UIC3SE 
*l£-ftlg«3l[a>JlJWZn : ^m\3\^<D^^>\d—^Xlo:tHttm^V\ : A*ffiJ±Lr: ^Jlffl'JT^ 

[001 2]C<DtiJ&l::£;h,[£\ ^to^^HTL^iffi^Jiffl'JT^h^KT)^^^^. ±tB&H 

[001 3]*fc, ±sB^m¥isi*. ±mm%m-^tLx±ti^mm , )7<pbMz^^mm^t^ 
tar&bvv. ±mmmm^mt. &&z*itz±&&mm%t&m^x±t&x<<vT><f^$Siiz& 

lct;flyif*&t<Drfc6<!:LT*,£l,^ 

[001 4]c(D4ifij6iCcfcn^, &mm i )-r<7hMz%itiz>&m i m%ttftiith£ti* &mz*itz&m*%t& 
mi^xx^y^^'^mz^mm^i3^i^<tji^m^^.ibh>tis ^m^^tz^^izt^t. 

^mm^^Hxi^mm^mtLtzm^vt. &mnfa&&&Lx±ti&f&&>£a>x\.^<Dx\ 
mmiz^am^i^^><f^nt>ti.x^^<fm^(Dm^m±^H^ 0 

[001 6]£fc> ±8BSES!lftiJffll#&[±* ±IB^Jl«jJSAMgTLrRlT^fiimTl^d:ofcB$^^iiRlf^B# 
r B mlC±fBX^5 1 >^|g^>A^^7lctJ3y^-g > t(D^fc'5<^:LTtcfeL^o 

&3b#£*k ^m«B^yii<^o tsot, *<nmfsx*>, &mnfatmnmxT\ztiLZ>tif&frt> 
fh^mmmzit. *>(v^7^mz&mnwfcftx^t£[.^mtt£&o ^<d^z. m^mmta 
^^bic^y^a^^bLfcit^T^ ^ 

[001 9]-^. ±tmmm.tf. ±u^^^^fSL<j)^^^t^m^mmznni>±u^Wi 
mA(on%imxfo&tLtzi>), ±u&mmfa<Dt:-<7mzf&cxmi£2ixz> : b<Dx&%t-?z>t. m^. 
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[oo2o]*fr. ±iBtta^a(*. ±umm.m^tLx. $z>izihji i m$ite&xf±%£&mm=i>T>-y- 
±iB&gm«<±fBai*m3tEJa±i::fc6n#^ 

&Z>tLX*>£l^o 

T>7^m<*^frttz>izw)Wz-z>*i%o zom&iz&^x. m^m^m-^izmxLtzm^-Q 
&miz£.^x±cz>&mn%ti*mniz-g mzmznx. ^■mm^m^m^Tizt^tz^^ 
^umMtr^tv^^mmiz^nm^-(^^<ffimt>^i^tttd:^o 
[oo22]*/r. ±tH^t±i^isii. ±s&nn.m^tLx. £z>\zftt>m$L&tkih?&tcDx\ ±ieie«j 

±lB;W^>^K(D;r^^ 

[oo23]^(Dtimic < fcm# % ^^ica^m^^ai^H. x>r^>^is(D^->B^^^t>^mm^ 

^^cD^bic^y^mmM^b^^ 

[oo24]*fc, xtimm&m-iz^x&tt&m-KM^^-zm&x&y, ±iB^ai^ig(*. ±ib® 

*BI±fc«fcULtfBA:fcm3?£lcSo*#±tBX^^^ 
±IB;W^>^IS(7>;f^($£7b^liSI^ 

[0025]C(7)mJ*lCj:Hl^,^ai$nfcffi^«J±fccfei;A^m^lcSo*#X^^>y^|£lC*Ji 
<blCj;y;W^>^J&[^mm;W^ 

[0026]£7i, -hlBIEib^J^ll^ief*. ±fB^IIfflU7^h;U0M>'$^*>X. ±IB^*lffl=i>T r > 

+f-a>*^>*>xfc£tf±fB^fflU7^h;u[::^ 

IS^^i^.TIBJl:lc«o^_tIBB#rB1^S:tii■r^ ; t(D^fc^«l:L-C^,c^:L^o 

To =Tn • (1 +Zn ■ Iin/Vo)/2Zn = V~(Lr/Cr)ZZ-^ To : *tgm»</jUtTU&B#F B Trn : 

ffl=i>^>^(D^/^>^>Xfc«fcl/±fB^ffl';T^h;U[c3SEH^*mm3Sc7)Jl^^fflL^.±fB 

& stjg&c fr-DmmizftfrtizzttuZo 

[0028] 

i^m<Dmmomm^%^mwm)mi\t^%mz%^Dc-Dc^^-^mn<Dm^mw^m 
[oo29]=»/\*-'$iinis&spi i*. a*^4, 5P B ^^cE^^JD^^^^3^LA^mJ±viJ;y^£L^^^gs^il^« 
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fc£Uo>x>^c2frbfcy. m*«JEVoO)iiR«i$tqiflHj-r*fc«)<z)iS«iiia7-r;u^t. 
*Qi*<;t-:7Lf::t#lcU7?h/UL2icgmS;h,^^ 

[003i]y7^h;uL2fc t fct/^>^>H*c2(D&sii£<!:ai^ 

5&fctifil£flKfl@i&3i::i£m-r6o 

[0032]|ES!)[e]S&2I*, $lJ^llH]l^3^t)(7)$lJ^lfl-§-l^orh^>vX^Q1 ttts^ZtttttOX 
[0033]*H&PIII8&3I*, CPU, >^'J-V>A/D|E«»«:if frfcfcy, iEM[I]S&2|Z/^X<g^£,fc& 
[0034]BA^I«I±Vi. tb*«l±Vo, m*m3SEIo^tii«Sl^o 

[0037];^|Z. Ml. JS2£ffll*T\ ft\ffl\E\&3\Z&V h7>V^^Q1 tt>frtt7lzy}Wz.&*4 
5>^lzotxrKWr*o®2(aXbXc)f±*fiffl'JT^h;i/L1 l~3fch,<&#M3!Eia>m3!Eifcfl&eiT*fc 

Za)*3SEil±.TiB^(1)T?a^*L*o 
i = Io+Ip-sinojt "'(1) 

col±&Jf ffl'J7<7h/H-1 fccfct/^Jlffl^^^-^CI ^t>7ti:^^*llH]S&<7>^ig^J^^ia. Ip 
1/a>=V~(LrCr) ...(2) 

<IU ^Jlffl'JT^h/H-l (D-<>y^>X^Lr. #*IJB=]>-T>-tJ-C1 <7>*^/^>£>X£Cr<!:-r£o 
[0039]M2(a)[CfclNT. To\*\^0<D#fffl. T1 lii = 0frf>i=Io(Cfc63:-C<DB#FiiK Tn(i^ffi«^i 
CDJWI^-efe-So -CTF\ f5im«fcysIp-sin(a)T1)=Io ••■(3) 
T:fe-5(7)-e,T1 =sin" 1 (Io/Ip)/co ...(4) 
tf'&btl&o&tz. Ip=Vi/Zn "-(5) 

-Cfe^) 0 ZC"C\ ZnUmttOtf— ^>XT?. TtExC(6)-ea^tL'5o 
Zn = /"(Lr/Cr) ...(6) 

fcr.±|Bie(4)l*.T1 = sirT 1 (IoZn/Vi)/co...(7) 
[0040]£fc. i2(a)^b»A^J:?lC, To=Tn/2 + 2T1 ••• (8) 

[0041 ]ZZT5\ Io = 0tf><!:#[i, 112(6)13^^^513, T1 =0T?\ To=Tn/2i:£5o Io = Ip£> 

<!:£l£. S2(c)|C^-T &OlZ. To=Tn|C$:3 0 

[0042]ftoT. ±fEiC(8)«i:y. Io=0<Z>«!:#(iT1 = 0X. Io=Ip<Z><!:#l£T1 =Tn/4lZtji& 0 -f & 
ft*,. lotfOfrh,lp\zmitTfZ>t. T1 (*0^f,Tn/4IZ^'fb-r'5o COT1 (D^^b^lt^E^b, -Tfcfr 
*>Io(D1 ^M»-Cififtl-r*t, ±151^(7) J;y , T1 =(Io-Zn/Vi)Tn/4-(9) 
7W#£ft& 0 -<0^(9)£±fE5£(8)IZttA^£<!:.To=Tn/2 +TrvIoZn/(2.Vi) ...(10) 

[oo43]=3>/n*— sisisssGi icfc^r. *iifflyT^h;uLi <z>>r>y^£>xLrfc.fcimSffl=i> J r> 

+|-Cia)^rA'/N 0 V^>XCr[iKtftlT^y. #fitl_r, Cr*<#i£3<>:. jaJWTnfcJ:tf ft14-T>lf— y>XZ 
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t±J*«^Io<}:^fflL^.±SBie(10)|z^oT, mmTo^UihL. h7>vX$Q1<7);*->B#£frP>0# 

[oo4.6]z<D£viz^ mi mmmiz&tut^ A*»±vifccfctf m^m^io^&aju ±tB5t d o 

[0047](H2H»^)M3l*^B^IZ^^DC-DC=I>A— £[I]i&(7)3g2||]!«li£^-riE]S&^ 
&o m±tm-mzlZ\s\—ft^&ttLXl^ 0 

[0049]J±3£[e]E&1 1 (i. «3fE«ffi0KlOlCj:yfcai£*l£#«Mt3!Ei^ «j9tEHtt^lB]ft1 2T? 
*fiR**i*EBfitI1 (11 >0)<!:^J±^LT. ^m^iAMgTLTi^H lz^<»: % •tO&tDttaJd** 

[0050]fr]®J[HlS&30l£. a*«HVotS3efifi^jaiHlKi4-C^fiR**L^ia[3t(tt*Jt«iL'C, tiJ2l 
[0051 ]ilSIslS&1 3I±. ^[US&SO^bjllbtLT^^P^lBj^fi-^-lzSO^. tb&ElS&l 1 l=<fc 

[0052]Z(7)RJr^B#r B lT2[*. ^Jim^ii^ffi^fitH mTlC/d:ofcB#^^t,Sl|||Ci<0lC^^-C:(7) 

[0053]|gKlH]i^2li, #Jffll|ag&30fr&;J->fI -^Son*<A;fc£ft"5£H7>vX£Q1 £*>lcu 2 
S@SSl S^b^fl-^-Soff^A^i^n^iih^^vX^QI tt>frtt-?\zVMm\Z>o 
C0054]Z<0«fiJEJ^y. M4(C^-r«i:aiC. &Jl«jffii;!)M£TLTi^I1 lzfcofc:B#ji!ijb*S>Brj£B#|Hn- 
2A<effl-r*t. h^V^X^QlA^lC^n^o 

[0055]:i<DJ:5lZ % m2H»^|Cj;ttlS. ^fB'J7^h;H_1 Jc3K*L**««3SEiA<i^I1 Kfco 

fcB#£jb^j£|||::i<0l::^^^ 

^mttaWi^IllCfcofcBf^A^ffi^ 

^c^KLTl^CDT-. Ktf^JtCD^b^^&'fblZcfcy. ^ilfflUT^HULI -^^Jifflzi^^ 

-trci (D^fliLr, cr^mtr^tiz^x. ^mm^i^oizu^^^^itLtzm^vt. m 
ioo^QV%2mmwm)m^\^%mz%^Dc-Dc^^—^^<Dm3mmwm^^m^ 

6» Ml«t|5l-^lz(i|H|-^^#-ro 

[0057]^5IZfclN-C> *JfflllH]£&30li. h^>vX^Q1 (7)^->B#^^^ltB$(7)fc*)(7)^P«^^l^{i 
#$®SlHl»21 , 22[Zj£tii-f <5*<DT*fc£o iIM[US&21 ffi;^thlHlS&1 0lZj;y^ai^^^ 
Sm;Tii£S&y&t;<t<!:£fc % frjfMi&30^ 

[0058]«^lH]S&23li. J1M0S&21 ^t>iH^4xT<-g)^Jia^i^lSfitI2 < l:LT^Lr J£SxIh]S&2 

4ici^aj-r-i)t(D-efc-5o it^iHi£S24ii. m^ffiiHis&ioic^y^aj^tL^^iim^i^y^. 
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^[HlS&23T:^^r^^SlfiSl2^'J-tr^h-r^o 
fcB#£T?<0&^m^#!Sf£l2<!:£^ 

OT11 h^>vX^Ql^>^t>^l^y^^t>^-5o 

■ ~ ■ ofi-^-^^-r^'Ts^^^— h-efe^o fcfc , H7-etezi>/ <— $ tussgfl 1 a>m^^*iii§ 

U M3<!:l^-^lcte|^-#-S§-£ttLTl^o 

[0062]M7lCfcl^-C. X>T*^31 , 32(i. mi£h^>vX$fr£>&y . ^-fy^3 1 

[0063]WJ±J^^^(V/F)lHll^33li, tiJ2)«JiVo<!:iS:£{iI<!:<7)W±Mvl iz&^T.+y? 
>^JI;&2&£l££?-&t<D^fc<i>o *J^Ih1SS300(±. ^(7)X-f^>^;^ISTifc*^>^H>y-C:\ 
^>ft^-Son^ig»)[lll^2lZ^til-r^^CD^fc^)(M8(DB)o 1M[I]S&300li. ^">fi-§-Son 

[0064]^->ffi-^-SonlCcfcyh7>vX^Q1 jb^XZ&ixh. #fciItt3!Ei^J£ix@i&35lC&mm 
3(M8<DB) e miiiSH]S&34[i, h7>vX^QKD^">B#^^^SigigB#F H 1^* r »hL> RIt^B#Fp1 
T1 1 fim&-tZ>t. X^^31$^|CL. Jt^lE]SS35li. *-T^31 M^lC^f-B^tf^l! 

fiH2<t$Jt^L, i^I2(DfMk ^->(/WU^;U)li^tt5*-r^(a8CDH)o 

[OO65]||2SM0ES36li.it^0i^35AN^<75a^«#^m^^T12^CtjlMLTtb*-r^ 
(M8CDB) 0 &fc\T1 2>T1 1 1CiS^tLTL>-5 0 

[OO66]Z0||2gjl0l^367b^(Dai*fi^li.m3^S@SS37|Zj:y$^|Z^B#F B lT13tclt 
M^tt^<i:<!:*lc (IH8<D ■ ) s Z7-\-\e\&38Iz&*>) m8<D U ) „ 

[OO67]T>K>tr-h0l^39[i. Ztl^(Dfi^(7)|iSm^^fiKLT/^UX{i^^L(M8a)B), 

fli^ii]i&3oofcj:t;m4iis[D]j&4oic^ait-<5>o 

[0068]$ij^ilH]SS300li % 7>Ky— KlsllES39^t>/'?;ux«^A*$ti'S.<!:> igK[HSS2lc^« 

-^soff£&ai-r3(m8(DB)o m4iismss4oii. r>Rf— h@s&39^f>A*^H^/N°;ux«-§- 

£ffi^B#F B Tn 4f£ltilSLTX>r^32|cai L (|gl8(P ■ ) . CCD/ ^UXfi^-lCjcoTX-f yT32 
^>l^tlTtk^[US&35|C^$nrCNf-|SfitI2^'J-t2^K^^o 

[oo69]«£o-c, mQizm-r^iz, ^fi-si-soffii. acD^T^y^^iciBi^LriijTj^^A^ 

CcDB#£f3\ ■<7)3t^TA<yf$£fr£m^B#F B Tn 2&. i^I2[c/j:ofcB#^^t»m^B#^T1 2&IC& 
ddT*, T1 21*. T1 2>T1 1 t'feot, ^ffi-^Soff?t)<i<0<7>F H 1ICtli 73^Hi) <fc5^fiS|ClS^^ 

[0070]£fc. ^S^iCDI mm^tlZ^ lt^Il]^E&35|C^^t^tlTt^^g|^lI27!)<'J-tr^h^^o ft 

li, X-T^31 A^l^tLfcB#^(D^Jia^i(D#^B#flil21 , 1221*121 <122<t^y. £fljCD* 
m«;fti£y«JcD^m3£i[cm3ll^ 

[0071 ]CCT% Z.m<D&mn%L\(D}&mzt$l^T. H7>vX$Q1 <D* >B#/5fr£BgB#fifI21 iztah 
&V<Dmmt. BSB$fitI21 ^£i=0lz^£r<DB#F B 1i:f*, (DfiftlzftSo &tz. GMOXM 

S3Si<D2ftJ&lCfclvC» h7>v^Q1 C7>^->B#^^t,ESB#fi|I22lZ^^rcDB#rBli:. BiB#fi&I22^ 
h,\=0\Zti:&tiX*<D&fmtlt. WtV. ISI3:0-(Dffi|::>&M>„ 

[0072]ftoT, K7>ixX$Q1 (D^->B#^^t>Rjf^B#F H lT1 1 A<^LfcB#^-ecD^Ji«3iti(7)^B# 

fit^BBflst-rs^tT?, mm.(Diy^<Mzmmu<. ^mm^mm.^Tiztji'otzm^hmmmmT 

1 1 jb<lliflLfcB#£T?. &mn%L\=OlztjiZ>t^oZttfWz.&o 

[0073]ccDctaic. m3HiteJf$Si~<fc*u£s h?>vx*qi a)^->B#^^t,m^^Ti 1 rfm&L 
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ioo75]{m4mmmm)m9it^nmizm^Dc-Dczi>^-^\B\m(Dm4mmmmt:m-r^y 
& 0 ftfcs mitm-mzitm-ttttirro 

[0076]M9C:*>^T, Wffl\Elfe30lZ^ h^>vX^Q1 <D*>&f&fr*tift<DtzfiO?ayVm%\m 

*£3SEII]g&4i ic&tti^icD-efc'So &*#le]E&42[i s msS&miHS&i 0lcj:y«Wi$ti*ftS« 

( < 1 ) $BBffl^L-cjt«iHiK44(C3aiai"r-& j tia)-e**o 

[0077]J±tfcH]g&44{d\ msS&iiJlEJS&i 0(c«i:y^ai^'5*S^3SEi<»:^lElllS&43^f)3lt)ti^ 
■flti*ttttLr, *««aiA<«TLTBttl2lTI=<P«t, *a>B<D*aHl#£«iiElHltt41 leg 

[0078MSIHS&41 1* . *J^Il]!^30A^^^r<^^P^^|5|^fi■^lcS^it^Is]i^44|Cc^: 

zmmim&wzmih-tzKDvfoZo 

[oo79]z<D«BRizj:y. MiQic^-r^i^ ^mmssEidu*. *n$s)a>e— stipes** 

ri^ithlC^oycB^^^t>R)T^B#P^T21 tf&&f&t % h^>^X^Q1 A<^IZ^Ftl-i) 0 

[ooso]&*>\ &?#[E]i&42li > «ittf3>-r>-9-c«rt**i, JllQlcjF-r j^lctf— ?fitipl*»i3* 

[0081 ]miii*. *4H«5JB«&a>* cfcym<*fi*j^[U£S^i*^j^-riH]ss^p^^iii. 1112 1^ 11111 

[0082]«I±j^;&$[^&(V/F)[E]S&51 {U^miiVotiS^fl^miE^VI 

>yjn^^is^-r^^<D-cfc^>o *Jiii[Hii^3ooii. ^<Dx-f7f i >yiti!(^*'5^'f5>y-e, 
*>ft^son£i&tb@i&2ic&^&ttf>-efc<5 (MI20) ■ ) . 

[0083]^->'fI-^Son[Cj:y h7>V^Q1 ri^XZ&S^ #*S«3(Ei}b<* tb^lHlK52(Z^ya* 
*L*^tilC(Hl2a>B).ffitaR41. R42<7)it?iJlH]£SlC=l>7 J >-9-C41^M5iJl^iSt^r^'S 
[hJS&IzA^^H'So J&fctR41 . R42CD^^I*tb^[slS&52lcm^tLrfcy , *««3SEil=«*:y=i> 
t j >-9-C41 jb<ft*3*i5££t,l::, ^-CDftmffiI±a>}g*n;R41 , R4.2\z£Z>ftE.mtfmm.tLXI£®. 
[e)S&52|::A7j£*L<S (M12_(D ■ ) o 

[0084]CZr%Ml2(7>B, ■IZ^-Tip, ithCDgBGUi „ *£*aR41 , R42(DgfitfiS^R 41 , R 42 £-f"S 
t. ith = ip.R 42 /(R 41 +R 42 )tmt>ZtlZ>o =l>T : >-b-C41 l*iH#lHlSS42^IfiJcL. ffitn;R41 . R4 
2fi»JElHl S&43£*f J&LTU3o 

[0085]Jt^HJS&52l*, &<bT£#M3SEi£Hfiftithfc£JtttU i^ithO^ t>(/WU^;i/)i 
-5|-£tti2j-f&(Ml2<Z>H)o 

[OO86]m5ilM01^53[i. it^lH]S&52^b(7)aJ^{i-§-^fiJf^B#F^T21 f£(tS5EL-Cai*« 

(Mi2R>2(DB) 0 ^<DM5mm\E\&53frz><Dthtjmmt. m6mm^5A.iz^m^mj22tz 
i-tmmzh&tt&iz (M12CD ■ ) , <<i// hHS&ssiZcfcy cmi2(d ■) „ 

[0087]T>Ky-KI°]^56[i. Z^t,(7>li-^(DiiSa^^figLT/^;UX{l^^/*L(Ml2a) 

■) , mm\B\&3oo\ztii ji-?z>o 

[0088]frJi8l[5]S&300li. Tl/KV-hleJS&SeAN^/^UXfi^ATD^H^i:. |gBblH]S&2[C^{i 
#Soff£{tiaU ZtLlzJ^oTh^vX^QI fi^|Z/«j:-g)(Ml20B)o 

lOOQQV&^T.miMztt&olZ^ym^SomZ. *0±LlbTtfV8fi!ilZf5\MLTlhJ]£tl& 

Z<DB#£li. B(D35:*,TA<y m&frt>m%.&fr£\T21 tttt\^\thlztjl^tzft&frt>mj£m 
MT21 felzfc&o CZt\ T21 f*^fg#Soff^i<0(DFBllCtb*^H^J:-5lCiS^HTL^(DT% 
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[0091 i&tz % mft&mo>mt j t>i&*z'£<ttiiiiiz&i) H &mn%t\o*i$z j &&m*mt?&t. * 

rfmitLtzm&x*^mnizvnnfc*4vT><?&ft?zttfX'$z> 0 

coo92] (m5mmmm)mi3it^BMizm^Dc-Dcz3^/<—^m^(Dm5mmmm^:7F-r ess 

£*>\ Mis m3t\5\-Mizitm-&^&tt-?o 

[0093] |Hl3 [zfeLNT. ^Jlffl^T^+J-CI lcfi?iJ|cm^nfcB^i±JH]SS60l*. 0lJ*_(£2lU 

0j«fcmft£&&*-5j±«isi»64(::&iti-r<5o 

[oo94]j±^n]K6i I*. mss^aiiuKi oiCefcy^a^^^jim^i<hm^tbiH]ss9iCcty^m 

**i*m*«3(EIot$Jt«L-C. #M3!EiJWa*LTi£loC:JB:5£. *(D©(DtttB«#*iISlHlK 

[oo95]*j^pn]K3oii. &finEvot&fem&m®&i4T*&f$.z*i%WLi£mt&tt%tLXs &*> 

(D-Cfe^o fl]ftl[US&30[*. ^P'V<7|H|^fI-§-^ftB#lH]lES62lCi||ai-r'5>o 
[0096]ftB#lH]S&62li. »[HlS&30^^i=)tLr<'5^P^l^l^{I^-|C«O*#. h^>V*$Q1 
(7>*>B#/5fr£>. J±^[e]S§61 ICj;^aifi^-(Dt±i^)B#^*-e(7)^B#^T31 ^^>hL. ^<7)B# 

mT3i&mm\E\&63izT£ih-?z> : b<Dx&z> 0 

ioo97^^^6^t.m^^moiz^m^^^mn^\otmm±^.m^e5x±^ 

i&TLxmmz-&i-%t^<DW<D&ihm^&mm®m3izi£&i-zb<Dx&z>o 
[oo98]iisie]i^63[i. ttmm^64.iz^^thm^oi^tim^h><D^m^m^i30^L. ft 

B#[I]j&62^iiiai£;h/Cl^B#F B Tr31 SZ—^t^t. lE»[e]!&2|::;t:7fl-^Soff£ai;fcj-f <g> 0 

[OOggliEKlIsl^li. *J^0J^3O^^>fi-^-SonAN*A*^H^<!:h7>vX^Q1^>ICL. S 

S[s]|^63^b^«^Soff^A^^tL^<hh7>^X^Q1^>A>^7lctjy^^ 0 

[01 00]^(Dtt^lCj;y % MI^IC^-T^IC, H5>vX*Q1 (Z)^->B#^^t>^«im3SEi^i=Io[C^ 

fcofcB#£fr£B#F B TT31 A<^-r^<i:. h^>vX2Q1 #*>^£*:7|CtJ]y|f *£>*i<So 
[01 01 ICONIC. »5Sll6^IBfcj:*tli % H5>vX$Q1 (D^->B#jS^«)*«*3lEi36<ai*«3!Elo 
Ic-^^Bt^T^BtFriTrsi^rt^VhU *M=i>-x>-9-C1 lc3SE*i*Mm3JEic$ttaiL. # 
MSfcicAMf Ptc#ofcB#£frt»B#r B Tr31 c7)^^lch^>v^Q1 *^->3^6^l=1S!iy 

<7)=&{lLr, CrtfgfcU ^Jim3i!i<0^^^^^7b^^bLTi = 0|C^<ia7b<^^bL^li^Tf*. 

siiiKtfpmsfc^y^^T^^^ 

[o°i02]*#[z % ai^m^ioA^m^lctg^Lfcii^-et. *M^>^>+fCl iz3lE*L*M«3Sicl* 
telllcizP|c&37--tt.^mm3Sic;b<^^ 

[O1O3](m6|imff^)Ml5li^BJ|C^^DC-DC=3>/^-^01^(7>m6||^^jF-r[H]£& 

[0l04]mJM;£2&^&(V/F)[E]S§7l (i. tli^mi±Voi:i5^fiS<t<D«J±^Vl lc«o*#x-T^ 

>^*Ji;&3&£t£^-&ta>-efc£o *<JfflJiE]S&3ooii, ::<D;w^>?'jaaftttT?fc*<&*-f5>? > -e. 
<5>(Ml6a)B)o 

[OlOSl^fi-^-SonlCckyh^^X^Ql *<t>l:^^t ^JiSSSEifc^lXai^mSSloA^tk^Il] 
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[0l06]J±&|s]S§72[i. &mn%t\tliiJ3n%tlot$:t£%LL. i^Io<Z)<!:£lc:*->(/ vf b/<;u)f!-5|-£ 

(M16r>6<db)o ^<Dm7mm\E\&73frz 3 <D&7]m^iz. msmm^7^z^m^mj42t=. 
i-rmmzti&ttbiz (mieo ■ > . *-$y-hiE]s&7 sic^y sis^-s (mi6cdb)o 

[0108]7>K^— hll]j^76l±. Z+l^CD{i^<DM«^^LT/^UXm^^filcL(Ml6(D 
■h frJMS&300lzfciJ7J-t<&o 

[0109]flH3p[E]S&300l*. T>K^— h[US&767bNt>/'?;ux{i^-A<A^^'S<i:, iESJjIHS^lc^m 
■§-Soff^tb7JL, ZtL|Zj;o-Ch^>vX£Q1 I**?[C&&(JI|16(7)B) 0 

[0110]^oT,Ml6lC^-rj;ai3.^fi-§-Soff(i s ■ <D£^T#yB#£IC|^LTai:fc£;tV& 
^<7>BS£(i. ■CDlE*,T^ya#^7!)Nt>p)Fr^B#P B lT41^ s ■r^*»i^Iolz/ c j:oy■-B#^7b^t>m^B# 

[01 1 1 T41 i*^fi^-soff;!)<i<o(Dp B iizaj73$ti^«i: : 5icis^$nri^o si 

61 6IZ7Ff i^IolZ^oyiB#^^^i = 0IC^i>B#/^*^(Di^igB#P H 1^T43<t-r'i)^. T41 >T 

43(^H»S-eii. #IJ*.I**T41 =Tn/4.Tnl*^Hm3i K Li<7)J^»)IZiS^^Tl,^o CtlCl^o 

[01 1 2]^cfc5ic. M6mmxm\z&tn£^ &mnffi\tfihtimffiioUTiztd:^tzft&fr*mi£tif 

*+>^?&fr?ztrfxz.^vT><7m&<Dmxttmzto 

[01 1 3]$fc. w^^o^^b^^^^^iccfcij. &mw7$Li(DX££ j t>mztfmtLX}iij3n 

0|C&&$<=>^#^bLfcii£T^te3tl^Pm^^ 

[01 1 4]fcfc\ ±8B#5gtfi»ffi-e(*. =J>/*-$[E]S£gin tLX. £;&ff*-b? uWA^v^ftt 

<D\&E.Mzi^/<—$$ : m^xmwLxi^t)K cnizRg^>tL-r> ptax^>^ 

[01 1 5]^-Z-C\ ISTFlc, ^;^^^P«^X^^>^7j^(7)#I±ff$=i>/<— ^(Dmi*W^^JI^ 

o^r , *7~mi on^s^LTijiB^-r^o 

[01 1 6](m7||igJf^)Ml7l«^BJIC^DC-DC=3>/\*-^El^<Dm7|imff^^t-01^ 

7P77@t'fc5o CKDSSSUfc. zi>/*— SHS&SPl 01 |g»i[HlS&l 02<h. MWm&i 03££fift*.T 

[01 1 7]n>/\*— ^[HS&gpi 01 li. ATJiffi^l 04. 1 OSmizmaZh&mTfcATim.E.Vi&Vm^W. 
;7i£ai73Wl±Vo$-^i?eLrai734S^106, 107F B 1l::?g^£;h,&^108[zEpflD^6t<DT\ ^*Q(D 
±»^Pm»-r^>^7Jie<D^BEff^>/^*-^^J*LTl^^o 

[on8]-r^t?*>> -<7)3>/^— ^Es&^ioif*. A73mj±vi^3^t o >^-r^h7>vx^(x>r^ 

^>?*3MS:)Q1 1 ZCDh^>vX^Q1 1 ^MJiJIZ^^tL, m.7fc$:&35ft\Z?frttzlto<DV4* 
— KD1 1 h^>vX*Q1 1 1Zlt^iJfZ^^Hfc^iiffl'JT^h^L1 1 <h s *^ffl=l>T r >+>-C1 1 

h7>$?X*Q1 1 ^>(7)<»:#ICX^;U^— ^§«-r^fea>'JT^h;UL1 2t. tii7JW±Vo£¥ 
^-r^fci6<D3>^>-b-C1 2<h. ai7JtJ^^A73fiiJ^(Dtt^a)»^ISJht-^^(D^-f^--KD1 

[01 1 9]A7:iffi^l 04i:'J7?h/H-1 2<!:<DF B 1lc^iS$Hf-«^tiilHliE&1 09I*. #J;U£*-;U9?§ 

T-*fci*«fttt3^&&y, A^wsiEiin^ab-ri)^^, A*ms5iinicj±^j-r^aifit^*j^PiHiss 
io3izinaj-r^o 

[01 20]|&S!][e]S&1 02li, frJftJ[H]S&1 03fr£(D1iH]^«^lCftoTh7>vX$Q1 1 

^2^mm^o3\t.cpu^^)^Ay-omMw^^w.mmm^o2\z^)^m^ 

[0°122]BA7D«I±Vi. A*S3fcIiru £ii *J»±Vo£;&aj-f 3g|fiSo 
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[0124]B^tliLfrai^mi±Vo3!)< : ?^iS^$nfrfillC-Sf-r'5)J: : 5lC, h^>^X^Q1 1 (DX-fyT 

[01 25]3fcl=* Ml8£ffll^T. flJftl[5]S&1 03(Cj:^>h^>v^Q1 1 (D^l/frM-^OttO 

^^5>^lCO^TU4B^-r^>o M!8(a)(b)(c)(*^iiffl'J7?h;UL1 1 Jzgtt*t**«E«3lEi<D«3lE* 

[01 26]^ffl'JT^h;UL1 1 (C3SE*l<&#S*3Ei£LT\ Ml8(a)|Z^t-<fca^«(7)m/TLi^3iEH 
CKDVjftifi* i = Iin+Iqsincot -"(11) 

tmt>z*i&o z^x\ coia&iiffl'jT^Mn-i i fccfci;^ffln>^>-9-ci 1 ^^^^juhjko)^ 

[O127]Z0^tift^;^to[i. 1/co = V"(Lr.Cr) ...(12) 

[01 28] Bl8 (a)lZfclvC. To 1*1^0(7)^. T51 lii = 0frbi = Iin[C&&£-e<7)B#fyK Tn(£#3im 
)JSi<DJl^-efe^o^C-(:\ |^|I|£y.Iq-sin(coT51)=Iin ...(13) 

Vfo&(D T:\T51 = sin _1 (Iin/Iq)/co ...(14) 
A^#t)tl<'S)o*fCxIq=Vo/Zn •••(15) 

rfc-So CCT% Znli^tt-Ob: — -$r>X-e.Zn = V"(Lr/-Cr) ...(16) 
tmt>£Mo tots ±IBiC ( 1 4) T5 1 = sin -1 (IirvZn/Vo)/(o. ..(17) 

[01 29]£fc. MlSiaW^^^lZ^ To=Tn/2 + 2T51 — (18) 

[01 30]ZC-C\ Iin = 0<D<t^(* . Hi 8 (b)[C^-r«fc5lC T51 =0"C\ To=Tn/2i:&:<5>o £fc> Iin=I 
q(D<!:#li. Hl8 (c)lw^-rcfcaiC To=Tn[C&<i> 0 

[01 31 ]fct, ±tfiiC(18) % l^OOt^ltTSI =0"C\ Iin = Iq(D<i:^l*T51 =Tn/4[C^ 0 
Ttttt. HntfOfrt>lqlzMit?Z)t. T51 (£0frbTn/4|C^b-f<i>o C<DT51 <7>^b£iS^ 
<b. -T^^IinO) 1 *M»-Cjfi^-r«5i:. -tfBifc ( 1 7) cfey . T51 = (Iin.Zn/Vo)Tn/4- •■ (19) 
7W#£ft& o -0>xt(19)£±IB^(18)|CttAt"&<!:.To=Tn-(1 + Iin-Zn/Vo)/'2"-(20) 

[01 32]=l>/<— $i[o]j^$pi 01 UlfclN-C. &»ffl'J7$M/L1 1 CD>T>$*^>XLrfc<J:LI^Jlffl=] 
^T^-9-C1 1 (D^/^ZlsXCrltEiftW&V. #filLr. Cr3b<»*S^. JSJBTnfc<fctf fttt'Otf— 
y>XZnA^*^„ fCt% frJftPlelS&IOSCD^'JI^ J^^TnfeJ:t/^14-r>t 0 — ^>XZn<D#fil 

[01 33]-?"LT> *«J^Ih1SS1 031*. WJlZfttoiztiXl^&iSTn, Zn<b. ^tibLfrtii^ttEVofcJ: 
tfA^mjffilin^ffll^T, ±fB5£(20)lzfi£oT. B#^To^^t±J l>7>v^Q1 1 (D*lstif&frt> 

[01 34]&fc\ ±fB^r B lTo<^>a[aj(±. Brj£B#ra(0IJ*.tfttmsec) w£lCfr5<fc?l=-*-*U* 
[0135]Z(Dcfed[C. m7||^^Sl3j;tLfi. a^mmVofc^A^mSiEIin^llJL. ±IB^(20) 
lcftoTB#IHjTo£|(:aiU H5>vX$Q1 1 <D^->B#^^t.^ToA<^LfcB$^rh^>vX^Q 
1 1 $J-yfrtt7lzW)mx-&<i:v\zLXl^<DT% SlUS&SIll 01 0)[slS&*i/$#*fci:£<!:# 

ICj;y % aj;fimi±Vofc«fct;A:fcm»#^bT£^ 

[01 36] (msmmnm) mi9iz*§£BMizmzDc-Dc^/<— ^m^omsmmmm^^-^ 

[01 37]Hl9(CfeUT. ^JlfflMT^HULI 1 1cE^JICff ^tbfc«3iE^aiIslSSl 1 01*. #J*.l£2> 
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[01 38]Jt^IUKl 1 1 1t. msSE^tBlHlKl 1 0lz^y^tH^tL^JimSSEi^s «3KBBft^JieialKl 1 
2T^^tl^gSfilI31 (131 >0)££tfcg£LT. **l«3SEiAqgTLTi^I31 \ZtaZt. tOWO®. 

ajfi^iisassi 1 3izinai-r-st<D-efc^o 

[0139]»[5]S&130(*. ftt>ni±Vo£&mm£.m\El&l <i4V2Lf$.tStlZ>WLj£mt$:)£%LLX. 

■r^toTfe^o &tz. umm&i 3oii. ^p^hhhi ^iisisis&i 1 3ici£t±j-r<i>o 

[01 40]jlSlHlS&1 1 3tt, ftljffl][sl%1 30^t>iH^T<€)^O^|^«Sfi^-|cS^5#. tb&gl&l 1 
[0141 ]C<7)Rjf^B#F^T61 1*. #«*3iEiJb<ffi£(ltI31 MT\Zt£^tzB% Mfr£>mmizi<0\zt.j:&-£X 

(D&fmz^&mfctstixi^o 

[01 42]SS&Is]%1 02li, fr]^[elS&1 30^t>^->(i-^SonA<A*$*L*<th^>^X^Q1 1 

L> iiSHSSl 1 3^t»^{g#Soff^A**H'5<i:h : 7>i>X^Q1 1 ttlsfrv*irD\z , QMmtt 0 

[01 43]C(D«ka'B:*jaiC«ky s M20IC^-T J=5I3 S *Hm3iEi^£TLTi^I31 iztt-Dtz&T&frZffi 

^B#r B iT6i h?>vx$qi 1 tf*?\zz*i%> 0 

[oi44]H2iii. m8mmmm<Ds Mm^u^mnmm^fik^^u^m.mzzitmzi 

[0145]M2AI-tet^r.«EEiaa»IE»(V/F)lHl»131l*.ai**llVotR^fitt<D«JE*V2 
j£|5]S&1 32|CiHt±i-r^ (M22CD ■ ) „ ^J&H]S&1 321*. Z(D^^5><7*fi#|^*0*^ s *><ff -5§-Son 

£!E»j[e]S&i 02icjHai-r (M220) ■ ) o 

[01 46]^->lt#Son(^cfcy H5>vX*Q1 1 rf^XCfc^ ^Jl«3iEijb<tl:&[I]S&1 1 1 izi&yaj: 

h^(M22(db)o -^s «35Ega(i^j«iHiKi 1 2v±m£*iz>mm3i tfttm\E\&i 1 1 izaiya* 

fr£( Hl22 (7)M) 0 

[01 47]^LTs J±|g£ls]S&1 1 1 (d\ ^<b-r^S«/jiEi«!:iSfill31 ££Jt«U i^I31 (Dffl. :*>(/vf 
U^U)ffi^ai^-r'5(®22<7)B)o ilSIUS&l 331*. Jt&lslgg1 1 1 fr£(Dai;fe|=-S§-£fi)T5£B#Fil| 
T61f£ltiiSLrtH^-r^(M220)B)o Z\(Dmm\B\^33t)^(Dlhttm^t. JIS0S&1 34|Z<J; 
y^blcm^B#F B lT62f£lfilM^n<5i:<!:t,lz(M22<DH).-r>/\*— hls]£&1 SSlc^ysi^ 
^X-S(M220)B)o 

[0148]T>K^-hIl]l^136[*,ZH^CD«^(DiilS«^a-^Lr/^UX{I^^itL(M22<D 
■ ) > ^J$ls]g&1 32|Ci££b-r&o 

[01 49]£j£Ie]S&i 32(i. T>Rf — KESSi 36fr£/^uxff ^A*j£*v5<!:. flBM(s]%i 02lc 
^fS-§-Soff^j|iai-r-S (M22CD ■ ) o 

[01 soi*mmr*mxit. mm3i it.m^ntnm^08(mi9)^ti^n.^sm^tLxi^ 0 
[oisimc.s^i^t^i^^m^i^ 

iztjiz&vomm&Teot-f&t. T6i >T6oicis^^Tfcy . *mmmv\i. 0a*.i*T6i =Tn 

[01 52]C(7)J:aiC. »8SgJfi»!BIC«fc*t«. ^ffl'JT^h;UL1 lc3Sn-S*Stt^i7b<i^I31 [Cfco 

tzft&fr^mmiziKoizteztixcDflTjE&fmTe-i £^#>i£3£L-cfc£\ *sm3SKiSB#fii)^tii 
iztjjtj^^^^i-L-c^^^-c^ W}ftmm<Dmt j t>i£*z£itiz&i) > ^mm^r^ju^ v&mm 

[0153](m9||»S)m3[i*^BJ[c^>5DC-DCzi>/^-^lHl^CDm9||»S^-r[HlS& 
[01 54] g]23 l::fe^-C. frJi*P[5]S&1 40f±. H5>vX*Q1 1 CD^->B#^^t>f+B#<Dfc^C7)^P^(5] 
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#m-s§-£ii&iH]s&i 4i.i A-zizmft-fzbov&Zo mmm&i 41 i*. msfr&ajnis&i 1 oic^y^ 

[01 55]&}#[5]S&1 43!*, il^HSSl 41 fr*m*tlX<Z>&mn%i\$:mm32tLX&ftLTtt& 
[I]i&l44fcjMffi-t£ ; fe><Drfc<i>„ ttS£[e]S&l44(±. tt9KtttiJls]ttl lO(c£LJttU£fr£*M9& 
£8ty&*K ^m^i^^IUSSl 43*>b££;K&a{tl32<!:£J£3&Lr. ^JimSSEiAMSTLTi^I 
32lC^<t % ^<Dl-<7)^ai«^ilS0Kl 42IC^iil^->5=t<7>-efei)o 

[01 56]iI£E[sl%1 42I*. *JfflJlHS&1 40Axfe3l&*tr<-5^P^^I^J(Bfi#fC*-5#JttSlHl»1 44 
[Cj;^ai«^<D^mB#^^b<D^igB$F B 1^^>hL. m^B#P B U72(>T71 )A^ML/cB#^^ 
^te-^-Soff^|Ei!llH]l^102ICil|i±i-r^ : t(D-^fc-g>o*rt, il®lHjKl42[i.^-7fi#Soff(Dai* 

&J#ls]S&1 43-e^J#^tlTL^BafiII32$'J-fe^h-r^o 
[01 57]Z(D^fCj:y s 024|-^-rj;^[c. H7>^X*Q1 1 <D*^B$&frh>mfetiffflT7'\t}my& 

Ltztif&v<D#M i m%L\rfmm32tt!ti. &mn}ft\m&TLx\^i32iztj:^tzmMfr*m%.mmT 
[oi 58]M25i*. m9mmmm<D^ &vm&tou®m%mm&^?®&7ay?m*mzeizmz5 

CD#$BB~H, ■' (D<t^£^£-<H>?^— hrfc<5> 0 &*>\ Hl25 ri*:3>/*— 3[g]gS$in 01 CD 
H*£*BSU M23<t|H|-!fellCfi|H|-^#^^L-C^-§)o 

[01 59] H25 lCfelNr> X-f*l/^1 51 , 1 52I*. #J*l*>^>vX£fr r\ X^y^l 51 I* 

s«*->ttt&r% x-r^i 52ii®^^tfesi^oTi^ 0 

[0160]«1±^;£3«&(V/F)[e]S&153(*. tfi;fc*j±Vo<!:IS^{i£<7)mi±MV2IC*-3£X^;/ 
^>yj§;£ifc£IS:5rf <5=t0>r\ C(DX^^>yj^^r*;**^'1'5>yfI-^-^|5KlHlKl 54[Z 
^ai-r-S(M26(DB)o 

[01 61 ]^J&[e1E§1 541*. ZCD^-rS>^1t-^-|zSo^ N 7h>{i-§-Son^iEiftlD]S&1 02|Z&aj-f 
C0-Cfe^(M26C0B' ) 0 •&J&IH1&&1 54I*. ^fl^-Son^iltiiLycB^^^^St^CDyc^CD^P 

•v^i^wfi^asiHiKi 55icMai-ri.o 

[0162]*>te-^Son[C<J:yh7>vX*Q1 1 jb^-Xcfc-Sit. #fiS3&iA<JttfclHlg&1 44|CSSy&£ 
tl-§>(M26CDH) 0 il^lHlSSl 551*. H?>vX*Q1 1 CD^Bt^^^igBtPsl^^VhL. rJt£B# 
HT71 t><mm-?Z>t. 7s4v^ 51 tt?\ZL. hb^IU£&1 44f*. X-f7f1 51 A^lC^tlfrB*^ 
CD^Jia;7iEiCDISB#fit^R|flI41 <t:LT«l#-r>5(M26C7>H)„ ^-LT. MjIhIS&I 441*. Elfc"^* 
S«3lEitaMl4 1 <!:£]±ixU i ^141 CO^flf. WU^U) tii 7J-t£ ( H26 CD ■ ) c 

[oi 63]iis(Hiasi 56i*. tt$x®&-\ 44fr*<Dmt>m^£WTm.#fmT72t£irmmLxiiit)-?z> 

(M26R>6CDB) o T72>T7 1 IC|S:S£*VCl^<&o 

[01 64]CCDilS[H]SSl 56fr£>(DtiJ 73 «-§-(*. 3MMES&1 57|z£y£«blCf^B#F B lT73*£l+iIS£ 

4v6£fc*l::<jg26a>BK h0£&i58l;:£yj5$E£;h,<&(M26a>")o 

[01 65]7>Rf — hHJS&l 591*. C^b<7)1t^-<DillSa^^LT/^UX<t-^-^fieL(M26CO 
■ )> -&fiE[HlIE&l 54fcJ;t;il5ilHlSSl eoiciHtli-r^o 

[01 66]^fifelHlSSl 54I*. T>K^— h[°]S&1 59^t>/^UXfS-§"*<A73$n-S<*:s fgH)[I]i&1 02IC 
^te#Soff^^tb-r'S(M26CDB f ) 0 ilSIUS&l 601*. 7>Rf— hlH]S&1 59fr£A7j£*L&/'? 
;UXfe^RjT^BtF B lT74f£ltilMLrX-l'^5 l 1 52|Zi±J73L(M26(DB) . CCD/^UXft-^-lCj^M 
^V^1 52^>|C^FtlT. J±S£[h]S&1 44[C^$ttr^fcggfitI41 TbOj-b^h^tl^o 

[01 67]^ot. mzeizTik-r^iz. ^m^somt. moiL-^Tt^m^izmmLxihti^^ 

ccdb#£[*. MOttTW) B#/5 (1^141 lc&ofcB#£) fr£f^B#F B TT72&l::&:&„ T7 

21*. T72>T71 rfcor. ^«^Soff^i<0(DP^Icai7J^+l-5J=5^^^iSl3i$^^rL^-5CDT% 

[01 68]^fc. xmrnzaioi mmztiz^ tkiras&i ^iz^^xi^mm^^^H^o & 

or. 1126 C7)B. Blcfcl^r. ^J^(*«J(7)^m^iefcyfe(|iJCD^Jim3Si7!)<li^:LrL^ii^lC 
I*. X'lV^I 51 7b<^lC$tlfcB#/^<D^iltt3SEi<7)#^filI41 . 1421*141 <142£&lj % £®J0) 

[01 69]ZCr% »iJCD^^m^iCD«lCfcUr. h7>vX^Q1 1 C0^->B$^^t»^B#fiII41 |C& 
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mm.zmMt-?zztx\ mmoiy^Mzmmu^ &mnAitfmmuTiztj:^tzft&frt>mj£m 
isrm tfi$mLtz&TMT:\ &mnA\=oiztj:z>ti^z\tt><W7Lz>o 
louMzo&viz^nommi&miz&tut^ h^>vx^Qiia>pi->B#jis^t)RiT^B#F H ^T7i 

ot7 1 xDmw&iz^^v^Qi 1 tt>frtt7\zmw?LZ>&oizLx^&<DT:\ mmiz-aom 

[01 72]!t#i^ &mmfa\<n*%^mmmt-tz>t. mm&t Rmi *^i©LfcB#^(7)isB#fii^ 

^b-TSfctf). gaMli^^m^icD^^blzf&cr^^^ztl^ci:^^. ^-(D^bUcli§fiifrt>i=o 

IZ&3B#££rMZ^?-£|]#F B 1l4%<^bL^ 
;jfti = OIZ#£$^==>yA^bLfciI^^ 

[01 73] (H1 0Hiteff^)M27li^BJ|Z^DC-DC=l>/<— $iI5]j^a)|gl oHM^S^-TIe] 
S&^p^IL M28l4^«;jfti<D ;B0fc^h7>y^^Q1 1 <D^->^-^^'T^'f 5>^>-V— 

hT-fc-So £*>\ mu_tf5\-mz\tm-$f^&tt?o 

[01 74] |gl27 lzft^T. ftJ^IUS&l 70(4. ^>^X$Q1 1 (D*>B#/5rt^ItB#(D*:&(D^P^|B] 
JIBte^aSlHlKl 7 1 lciltb-t'5*,(D-efc6„ «j#@SSl 72li. «Mttii 0S&1 1 0lz«fcy fctti&h, 
**M3lEiO)e— ^fit$«j#-r-5*(D-c?. #ffi[5]S&1 73(4. ft&|a]&1 72T?fiH#£*lTl*<6lf— * 
fittf>ffi£J±(<1 )$Hfit<hLTJt^[US&1 74[C^tb«t<7)-efc§o 

[01 75]Jt«l§]g&1 74(4. *9kttttlBl»1 1 0I=<kyttHl**L-5*fi*3lEit»JIlHl»1 73fr&&& 
tL^rafit^Jt^LT, *S«3!EiA<ieTLrBfillSlTlcfe-5tH -£0>H0H£fflfl-*§-£iIM[I]S&171 

[01 76]ilSIUS&1 7 1 (4. fljffl]|sl%1 70^t,^t>tir<-5^P^I^I«flm^-|CS^Jt^lHll^1 74 

soff^iEwiui^i 02ic^ai-r>st(D-efe^o 

[01 7 7 ] z(D*i^iz«i: y „ mzsizart&oiz* &mn%a < m * . *n^) a> t°— ^fitip < m * . smu 
<*) c<7>e-^fi&ip(DRfT^ik « 1 ) ^Bfltithdn * . mnm tzti. ^swaa jwstl 

xi^mztt-otz&f &frt>mmmmT8i t>m&-t&t. h?>vx$qi 1 a^iz^h&o 

[01 78]fcfc\ &f#[!S&l 7214. «"i 7L(*3>7 s >-9-t?«^3f4i. M28f^-r^l^t=-^fiipl4j|ffM 
LT^^(7)-C\ {£*#[e]S§1 72A^^-r^t°-<7fit^1 Jl^r<^IC'J-b^h-r'i>^l4^^^^o 

[01 79iM29(4._mi ommmm<D. ^yft^w^Ess^^j^^-rmss^p^iii. ^30 14 1129 

CD#$PB-B0)(l^^-r^-r5>yT-V— KCfcSo a29"ei4=l>/^— £[h]S§$&1 01 <7)HI^ 
£*BSU M27<i:lB]-^lc(4l5]-^^#LTt^o 

[0180]ffij±J^;j£l&£&(V/'F)[I]S&181 (4. a 2imJ±Vo£|£5£fi&<!:(Dmi±MV2|zSo*£X^;/ 
^>yj^^|!t^ig^-r^<DT;\ -<7>^^^>yj^;JKIS-e^-5>^=>^fl^B-fiElHlSSl 82IZ 
iHai-r^(M30<DB)o ^Jc[e]S&1 8214. C(Z>*-f5>^«-^l::*-3# % *>{l-5§-Son£igS!][nlS&10 
2lZ : £iii-?Z>t(DXfo& (M30C0 ■ ) o 

[01 81 ]*Xs-5§-SonlZj;y h7>vX^Q1 1 #*>lz£:3<!;. *jfi«3(Ei35<, hk^InlS&l 74lZffiiyj* 
£ft&<!:£&IZ(Jl3^(7)BK|gfixR51, R52frb&£#J±H]E&1 73<b=l>T ; >tl-C51 fr&fr&ftft 
0S&1 72^<M^JlC}^$^T^^[H]S&lcA7D^tl'5o *£*aR51 , R520)&ffij£ l4it&[HS&1 74 

i=»«**irfcy, ^nmsstiicjcyn^r^-y-csi tfitnzti&tt&iz^ ^<D%mnEE.(omw.R5 

1, R52|Z c fe^^l±{E^gg(i| < hLTJ±^lH]Kl 74(^X73^^ (M30(DH) o 

[01821CC-C. H30 CPB. BIZ^-Tip, ith(7)^^(4. Jg*aR51 , R52tf>Jgfix{ii£R 51I R 52 i:-t<5 
<t. ith = ip R 52 /(R 51 4-R 52 )«!:^^^tt^o 

[0183]Jt^|g]S&174(4. ^bT£*II®,7ili<hBfitith££tt3SU i^ithOFel. tX/WUKj^B 

•§-$ai73-r^(a30(DB)o 

[O184]J1M0^183I4. Ji^0Kl74AN^(Dm7Dffi^m^B#FHlT81f£ltilSLTai^-r'S 
(M3^R>0CDB) o C<Dil^0^183*N^CDffi7]«^l4. ^S0^184|Zcfcy^B^F B n82f£ltS 
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mzti&tt&iz ( 1130 (7) ■ ) % -r >/ <— w— hsssi ssiz^y mM&fo%> ( H3o cp ■ ) „ 

[01 85]y>Ky-h0i^i 861*. zH*(Dm^ommm&£!&Lx/$)\'*m^&£.f&L(m3ov> 

[01 86]^j£[s]S&1 82I*. T>Rf— hSS&l 86^^/^UXfi#*<A^l^tl^<l:. il*U)[E]S&1 02IC 
*7H-^Soff£tii.2)U CtllC^oTK^v^Q1 1 (i^"7lZ^(M30<DB) o 
[0187]^oT.M30IZ^-rj;ai^,^{i^-Soff[i, ■(7)3t*>TA^JB#^|C|5|^LTai7D^^ 
# % ZO^ilJ, ■ <7X£^T^yB#£fr£m^B#F B n81^^ 

RI]T81&I::&3o T81 l£*7m^Soffm<0(Dm\Z&tl£frZ,&o\zWLfe£frX^&<DT:\ 

[01 88]^<7)J:olC, ^1 0Hj»I£|::J;;h,[£. i£Sm^i<Dt 0 — ^ip(Dffi£l£ith£Pd|{iI<!:U 
m^i7&<^^tithWTI^e^:ofrB#^A^^m^B#P B 1T81 <7>JjSig^|Ch^>vX^Q1 1 tt^frk>*7lztj) 

vwz.z>& : ?izLxi^(Di:\ mmiz-tznmTft^v^v&ftoztrfxz. xjvTXfm&omx 
&*mzm±?zzttfx*£z>o 

[0189]*^. mwmiMomt^^ittji^z^i), # : mn%ii<DJ:$2 j P : ,&msmt?z>t. * 
tfmbLtzm£xb.mmizvnnfa*4v^7&ftvzttfx$z>o 

[0190]fcfc\ ±IBH7~miO||»®Trl*, =J>/\*-^lHlSS$P101<!:LT^:«-tfPm;jiE7.^^ 
[0191 ] 

mw<D$]g:m±mwLtz&oiz^ xmBAiz&tux^ \B\m<Dn$nm^$8uhL. ^(D&mztitzn 

%m^lz&r5$7>4v^?^&<D*7$^>7£Wffi?&^tX\XJ^ 

[oi92]*/c, i^i±^p>/\*— smsrefcoT. A^«i±fc^i;ai7]m;TLic*o*#x^^>y^is 

[0193]£fc. ±ISiE»jf(J^P^|g(*. ±fB*^fflyT^HU(7M>^*>X. ±IB*JlfflP>T i > 

mw^xi^^m(Dn^nm.^<.t^m^\z^z.t^x^ 0 

To=Tn-(1+Zn-Io/Vi)/2Zn = V"(Lr/Cr)CCT\To:^ai^-5^Tn:*iifflUT^h;UIC3iE 

[oi94]*fc, ±tB^ai^ig[i. ±im%m^tLx±tz&mm i JT<7hMz%Lti&&mn%L%& 
&-fz>i,<Dx. ±§zmmpm^mz . ^ta^titz±tmmmfa^m^x±u^^><f^mz^ 

[0195]*/-, ±IBIES!)$iJ^P^Ig(*. ±lB^^m^^igTLTm^fitJ^Tlz/ c Co7iB#^^bm^B# 

jiW/W^bLTtit^-e^ smiz-tfpm^x-r^^^fT^c^^T^. x-r^^v^ii^cDii^: 

[oi96]^(7>ii^icfc^r. ±izmmmit. ^tbWLjzztitz-fetomx&ztTt&t. mmteffij&x* 
\si& : £nmTrz>^trtx£z> 0 ±tmj£m.tf. iiBx-r^^^igcD^Bt^^^m^^FBi 
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±tmmnfatf±iz&tim}&u±izt3:&m&&x*<Di£mmm&^ 

mj£m.iciTizmz(DT\ m-mnfatfm3£m&Tizt^tz&M&i£M8f&t?z>ztx\ &mmz 
[oi98]*tr. ±nm&^mt+ ±tm$5.m^tLx. ^izmtim^mtii^-^ox. ±s&m® 

^y^><f^no^t^x^.^^><fm^(Dm^m±t^t^x^^o 

[0199]£fr. J^±ff£=i>/\*— $[§]S&-efcoT, ftttnKte£ZfAtim7fclZ&'3$X<<y^?^& 

r><7£ft?ztrfx$*^vT><?m&<Dmxzm±?z>z\ttfx£z>o 

To=Tn-(1+Zn-Iin/Vo)/2Zn = >T(Lr/Cr)^C-C\To:g:i±i$n^>B^rBlTn:^JifflUT^h;i/|C 



[Ml]*3£fEIC<I&DC-DCn>/*— zm&nwzi mMMB$:7K-?\E\&7ay5mX&& 0 
[S2](aXbXc)f±*Sffl'JT^h;Hz3{Eti**fi*SSE(Z>«3SEjft»iaT*'6, 

[Ml3]^^BJ|-^^DC-DC=l>/\*— ^@S&(Dm5||»S^^-riHJS&^P^Ill-efc^o 

[M15]^bj[-^-5>dc-dczi>/^— ^[USScDmell^S^^-rillSS^p^lll-efc^o 
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